Background and Objects: To examine the learning curve of minimally invasive 2-port total laparoscopic myomectomy (TTLM).
INTRODUCTION
Surgical techniques to further enhance the low invasiveness of laparoscopic surgery have recently been reported. Laparoscopic surgery with a single umbilical wound, socalled single-port surgery, has frequently been reported in general surgery: it is now also used in the urologic and gynecologic fields. [1] [2] [3] [4] [5] [6] [7] Single-port surgery is aesthetically beneficial for patients, but not necessarily advantageous for surgeons, because it may require special surgical equipment and complicated manipulations.
We have therefore developed and reported a surgical technique using an umbilical wound and an additional 5-mm inguinal wound. 8 Although not a single-port technique, this approach allows full suturing manipulations due to the additional 5-mm inguinal wound. It is therefore an excellent technique with a wide range of applications based on low invasiveness and versatility. The 5-mm wound can also be used to insert a drain. This technique can be applied to total laparoscopic myomectomy (TLM), which requires difficult suturing manipulations.
We formerly used a 4-puncture method for gynecological laparoscopic surgery. 9 -12 In addition to the conventional technique, we introduced the 2-port technique developed by the same surgeon (first author) for specified surgical indications in March 2009 together with the single-port technique.
The present retrospective study was designed to determine the learning curve and utility of the 2-port technique by strictly defining its indications and examining surgical results of procedures performed by the same surgeon.
MATERIALS AND METHODS
Patients diagnosed with uterine myomas and scheduled to undergo surgery at our university affiliated hospital between May 2009 and February 2010 were registered and received preoperative examinations including transvaginal ultrasonography and magnetic resonance imaging (MRI). Those who met predetermined criteria for the size and number of myomas and provided written informed consent were included. All of the subjects had received 5 or 6 courses of preoperative GnRHa therapy before hos-pitalization, which is similar to that required for our conventional method. 9 -12 
Protocol
Based on preoperative MRI findings, whether or not 2-port laparoscopic myomectomy was indicated, patients were enrolled according to the following protocol.
1. Inclusion criterion: Patients with symptoms, such as hypermenorrhea, or a myoma nucleus with the longest diameter exceeding 5cm.
2. Exclusion criteria: Any submucosal myoma with a diameter Յ3cm with a projection rate to the mucosal surface, as observed with a uteroscope or ultrasonography, of Ն50% was excluded, because uteroscopic surgery was considered more appropriate. Interstitial or subserous myomas were treated with the conventional 4-puncture technique when the longest diameter was Ն8cm or the number of myomas was Ն4, because these exceed the limit of the 2-port technique.
3. The ninth intercostal approach was used to check for adhesions of any abdominal organ to the umbilicus in patients who had a history of open abdominal operations. 13 4. The same surgeon (first author: has performed approximately 2000 laparoscopic surgeries) performed all surgeries using the 2-port technique. The addition of manipulation ports for conversion to the conventional 4-puncture method during surgery was allowed, at the discretion of the surgeon, when it was too difficult to achieve the operative aims using the 2-port technique.
5. Basically, only patients scheduled to receive surgery for uterine myomas were included. Patients who had a history of open abdominal surgery and postoperative adhesion or those found to require synechiotomy for adhesions due to endometriosis were surgically treated, but were excluded from evaluation as drop-outs, because such cases often require a markedly prolonged surgical time as compared to routine TLM, making it difficult to strictly examine surgical results.
Surgical Technique
An Olympus 5-mm flexible scope (LTF-VP, Olympus, Tokyo, Japan) was used, as reported earlier. 8 This scope visualizes the surgical field, irrespective of insertion angle. The closed approach using Versa STEP (Covidien Japan, Tokyo, Japan) was used to enter the abdominal cavity through an umbilical wound. A 12-mm trocar was placed at the umbilical wound.
However, the ninth intercostal approach was used in patients with a history of open abdominal surgery to confirm the absence of any adhesions of abdominal organs to the umbilicus. 13 The umbilicus was examined from the inside of the abdominal cavity before a 12-mm trocar was inserted. The 5-mm flexible scope was inserted through the 12-mm trocar. A 5-mm STEP trocar was inserted from the left inguinal region under laparoscopic observation. The flexible scope was then inserted through the inguinal trocar to allow insertion of the 5-mm trocar to the caudal side of the 12-mm trocar, while the umbilicus was monitored from the inside of the abdominal cavity. The surgeon stood on the left side of the patient to manipulate the 12-mm umbilical trocar with the right hand and 5-mm inguinal trocar with the left hand. An assistant inserted the flexible scope through the 5-mm umbilical trocar and manipulated it with the left hand. The assistant adjusted the angle of the scope, as required, to visualize the surgical field during the operation. The assistant used a uterine manipulator (Ethicon Endo Surgery, Tokyo, Japan) with the right hand, as required ( Figure 1 ).
The laparoscopic myomectomy was carried out similarly to the method reported above. Twenty IU/mL of vasopressin were diluted with saline to prepare a 1/100 dilution, which was locally injected at several sites on a myoma. The myometrium was then incised with a monopolar needle. A myoma screw was inserted through the incision to remove the nucleus of the myoma. The incision was then closed by suturing 2 to 3 layers of the myometrium, depending on thickness. A 0-Polysorb 37-mm 1/2 Needle (Covidien, Japan) was used for suturing. The needle was always inserted and retrieved through the 12-cm trocar. All suturing manipulations were performed in a continuous manner. Each suture was started by making an anchor using a slip knot and ligated using an Aberdeen knot, 8, 14, 15 The first layer was closed with the usual continuous su- turing technique and the second and later layers with the interlock suturing technique to prevent loosening. Whenever oozing was observed after completion of the suturing manipulation, a Z suture was added and tightened using a slip knot.
In patients in whom the endometrium was opened during myomectomy, continuous suturing using 3-0 Polysorb (Covidien, Japan) was performed to assure closure. The removed myoma tissue was retrieved through the umbilical wound using an electric morcellator. A 12-mm electric morcellator from Karl Storz (MC Medical, Tokyo, Japan) or a disposable electric morcellator from Ethicon Endo-Surgery (Tokyo, Japan) was used, as appropriate, depending on the size of each myoma. The former was directly inserted through the 12-mm umbilical trocar, while the latter was used after removal of the 12-mm trocar. To ensure safety, the inguinal trocar was replaced with the flexible scope to monitor the blade edge of the morcellator during the retrieval procedure.
Interseed (Ethicon Endo-Surgery, Tokyo, Japan) was applied to the uterine wound to prevent adhesion. Finally, an abdominal drain was inserted from the 5-mm inguinal wound before the surgery was completed.
An example of TLM by the 2-port technique is presented. The photos shown were taken at the time of incising the myometrium, performing an enucleation, continuous interlock suture, making an Aberdeen knot, and finishing the surgery (Figure 2 ).
Statistical Analysis
The duration of surgery, estimated blood loss, and specimen weight of each case were recorded.
The mean duration of the operations was calculated for comparison with the surgical times of each individual operation, thereby allowing determination of the first operation whose surgical time fell below 2 times of the standard deviation added to the mean. Those after this operation, including the operation itself, were regarded as late cases and those before this operation as early cases.
The times of the following 5 surgical phases were calculated with a DVD time counter for each surgery. of the adhesion preventing agent, and drain insertion (including the time for additional suturing for hemostasis).
The time required to perform each phase was measured with the DVD time counter and then examined. The times of each phase were compared between the early and late cases to determine which phase was most influenced by technical improvement. SPSS15 statistical software (SPSS Japan, Tokyo) was used for all statistical analyses. Nonparametric tests (Kruskal Wallis and Mann-Whitney tests) were used, because of the small number of subjects.
RESULTS
The first author treated 135 of 457 patients undergoing TLM at our institution during the study period. Thirty of these patients met the protocol criteria and were included in the present analysis. The mean duration of surgery was 82.5Ϯ5.2 minutes, mean estimated blood loss was 42.1Ϯ7.5mL, and mean weight of resected specimens was 65.3Ϯ13.3g.
None of the 30 operations required blood transfusion either during or after surgery. None required intraoperative conversion to the conventional 4-puncture method. The endometrium was opened in 7 cases and could be closed by suturing in all of them.
The ninth intercostal approach 13 was used in 4 patients with a history of open abdominal surgery, including caesarean delivery in 3 and abdominal myomectomy in one. None of the 4 patients had any adhesions of intraperitoneal organs to the umbilicus, as confirmed with a 3-mm thin scope inserted through the ninth intercostal space, and therefore none required adhesiolysis. No adhesions of the intestine to the uterus or adnexa that might interfere with TLM were observed. Based on these results, all 4 cases were considered evaluable. But 2 other operations were excluded from evaluation, because degenerative myoma (asterisk cases in the figure) required greatly prolonged surgical time (Figure 3-1) .
Examination of the duration of surgery revealed the eighth operation to be the first in which surgical time fell below the meanϩ2SD duration of surgery. Therefore, the seventh operation after this including the operation itself and those that followed it were regarded as late cases and those before this operation as early cases (Figure 3-2) . The calculated mean times for each surgical phase were Figure 3. (3-1) The graph shows the duration of surgeries. The cases with the asterisks greatly exceeded the average operation time. They were the cases of degeneration myomas (3-2). The graph shows the duration of operations with the 2 cases removed that greatly exceeded the average in Figure 3-1 . The square shows the average ϩ2SD. A black arrow shows the seventh case falling below the average ϩ2SD, which is the first case to do so. Therefore, the seventh operation and those after it, including the operation itself, were regarded as late cases and those before this operation as early cases.
as follows: 4 minutes and 35Ϯ17 seconds for entry, 5 minutes and 31 seconds Ϯ1 minute and 12 seconds for enucleation, 33 minutes and 16 seconds Ϯ3 minutes for suturing, 10 minutes 24 seconds Ϯ1 minute and 14 seconds for morcellation, and 6 minutes and 24 seconds Ϯ1 minute and 6 seconds for hemostasis. Comparison of the time required for each phase between the 7 early cases and the subsequent (late) cases revealed a significant difference in the time taken for suturing for the third phase (Figure 4 ).
DISCUSSION

Specificity of Uterine Myomectomy
Uterine myomectomy is intended to conserve uterine function. 10, 11, 16 It is the most appropriate technique for conserving fertility among the treatment options for uterine myomas. Patients undergoing myomectomy can still expect to become pregnant after the operation. Like other surgical techniques, uterine myomectomy is performed abdominally and laparoscopically. Laparoscopic myomectomy is considered superior due to its low invasiveness and reduced postoperative adhesion risk. 16 We formerly used the 4-puncture method for all laparoscopic uterine myomectomy procedures. Our patients thus treated became pregnant and delivered vaginally. 10, 11 There is an increased risk of uterine rupture during pregnancy and delivery after uterine myomectomy due to weakening of the myomectomized areas. 17 Definitive wound closure achieved by appropriately suturing multiple layers of the myometrium during surgery is therefore essential to minimize the risk and ensure the safety of pregnancy and delivery. 10, 11 To achieve this closure, it is not enough to simply suture a wound: rather, an excellent technique and high skill are required. TLM must be performed in a low-invasive manner and with the surgeon having a strong command of the suturing technique. The conventional 4-puncture TLM is excellent in terms of providing secure suturing. In the adaptation, this 2-port technique was thought to allow suturing that was similar to a conventional 4-puncture method.
Usefulness of 2-Port Technique
The 2-port technique allows TLM with a smaller number of wounds than the conventional 4-puncture technique. Two wounds are required, one is made in the umbilical area, and the other is a 5-mm inguinal wound. No wound is required on the side of the umbilicus. It is therefore considered a low-invasive, aesthetically favorable technique. 8 Minimal invasiveness may lead to higher technical difficulty. However, the 2-port technique did not add technical difficulty compared to the conventional technique and allowed us to securely suture 2 to 4 layers of the myometrium as long as the myomas being removed were within the indications specified in the protocol. The endometrium was opened in a few cases but could be securely closed by suturing. These results indicate the 2-port technique to be a useful option for TLM, which, as discussed above, requires an excellent technique and high skill in suturing. In addition, insertion of a drain via the 5-mm wound is possible.
Furthermore, the 2-port technique provided a far higher degree of freedom in handling forceps and adjusting the surgical field of view than the single-port technique.
Discussion of Learning Curve
We did not compare the learning curve of a conventional 4-port method with a 2-port method; moreover, we did not compare the postoperative courses of each of those methods. So we cannot compare, in detail, the 2-port and conventional method. However, it is thought that the learning curve is important.
The technical difficulty of TLM is markedly increased in patients with multiple or huge uterine myomas. The surgical results of TLM are highly dependent on technical difficulty. In the present study, restrictions were set as to the number and size of myomas to reduce the differences in technical difficulty among subjects.
The analysis of the surgical phases using the DVD movie of each surgery showed significant differences in suturing time between the early and late cases. The surgeon attempted to suture multiple layers of the myometrium even if it was time-consuming to ensure secure suturing. The reduced suturing time in the late cases compared to the 7 early cases is probably attributable to technical improvement. No time reduction was noted for the other surgical phases between the early and late cases. This indicates that the surgical manipulations other than suturing could be smoothly performed when the 2-port technique was introduced for the first time. Also this study was the experience of only one surgeon, which certainly is not enough. But this study suggests the ease of introducing this technique and supports its usefulness.
CONCLUSION
TLM is intended to conserve uterine function and therefore must ensure that the postoperative uterus can with- stand pregnancy. The 2-port technique provided secure suturing of multiple layers of the myometrium, while maintaining low invasiveness. Analysis of the learning curve showed that this technique could be mastered by performing 7 cases. No time reduction was noted for the other surgical phases including entry, myomectomy, and collection of resected specimens between the early and late cases. The techniques other than the suturing were executed at the beginning of the introduction as well as the conventional technique. Also although this is a feasibility study, it suggests that this technique can be mastered after 7 cases.
